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DETECTION, ffiENTIFICATION AND DIFFERENTIATION OF 
EUBACTERIAL TAXA USING A HYBRIDIZATION ASSAY 



5 FIELD OF THE INVENTION 

The present invention relates to a method for the specific detection and/or 
identification of Staphylococcus species, in particular Staphylococcus aureus, using new 
nucleic add sequences derived from the ITS (Internal Transcribed Spacer) region. 

The present invention relates also to said new nucleic add sequences derived from 
10 the ITS region, between the 16S and 23S ribosomal ribonudeic acid (rRNA) or rRNA 
genes, to be used for the specific detection and/or identification of Staphylococcus 
species, in particular of 5. aureus, in a biological sample. 

It relates also to nucleic acid primers to be used for the amplification of said spacer 
region of Staphylococcus species in a sample. 

15 

BACKGROUND OF THE INVENTION 

The gOTUS Staphylococcus includes currently 32 described species and 15 
20 subspedes. From the human clinical point of view, S. aureus is the most important, but 
some ooagulase-negative spedes are emer^g pathogens espedally in nosocomial 
infections among critical care patienits. 

Certain spedes of the Staphylococcus genus are more frequenfly isolated as 
etiologic agents of a variety of infections in humans. The agents of most concem are S. 
25 aureus, S. ^idermidis^ S. haemolyticus, 5. lugdwiensis, S. wameri and 5. saprophyticus. 

S. schleiferi has been considered a significant pathogen in some European 
countries but has only seldom been rq)0rted in flie US, whidi demonstrates the 
variability of the local epidemiology of pafliogois. 

In veterinary medicine S. aureus^ 5. intermedius and 5. hyicus are flie most 
30 prominent pathogens 

Staphylococcus aureus is one of the most common nosocomial pathogens. It is 
responsible for several diseases, ranging fsom superfidal cutaneous abscesses to life- 
threatening intravascular infections. Its propensity to establish prolonged carriage among 
hospitalized patients and increasmg resistance to antibiotics makes control of this 
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organism within the hospital veay difficult 

Knowledge of the epidemiology of iS aureus cdlonization among patients has shed 
new light on the potential difficulties in interrupting nosocomial transmission. Effective 
control of S. aureus within the hospital and community requires more aggressive 
measures that include earlier diagnosis of colonized patients, in other words, that include 
a step of scre^iing. 

Because Staphylococcus bacteraemia still increases in frequency, it is necessaiy 
and urgent to provide more rapid methods of detection and/or identification, using 
probes and/or primers more sensitive and more specific. 



SUMMARY OF THE INVENTION 

It is an object of &e present invention to provide new nucleic acid sequences 
derived from a particular region of the ITS of Staphylococcus species, which can be 
used, for the detection and/or identification of Staphylococcus species, in particular of 5. 
aureus. 

The present invention thus provides an isolated nucleic acid molecule consisting 
of SEQ ID NO 1, the RNA form of said SEQ ID NO 1 wherein T is replaced by U, 
the complementary form of said SEQ ID NO 1, or any homologue, and the use of said 
nucleic acid molecule as a target for the detection and/or identification of 
Staphylococcus species. 

An aspect of the present invention relates to new polynucleotides for use as probes 
and/or primers, which have as target a particular region of the 16S-23S rRNA spacer 
r^on of Staphylococcus aureus^ and which allow the detection and/or identification of 
Staphylococcus species, in particular of Staphylococcus aureus. 

The present invention thus provides an isolated nucleic acid molecule that 
specifically hybridizes to SEQ ID NO 1, or to the RNA form of said SEQ ID NO 1 
wherein T is replaced by U, or to the complementary form of said SEQ ID NO 1, or to 
any homologous sequences thereof, or to a firagment of at least 20 contiguous 
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nucleotides thereof, for the detection and/or idoitification of Staphylococcus species, in 
particular of Staphylococcus aureus. 

Another aspect of the present invention relates to sets of probes for the detection 
5 and/or identification of Staphylococcus species, in particular of Staphylococcus aureus m 
a sample. 

Another aspect of the present invention concerns primers allowing specific 
amplification of the 16S-23S rRNA spacer region of Staphylococcus species, in 
10 particular of S, aureus. 

Another object of the present invention is a composition containing any of the new 
sequences of the invention, or any of the new sets of probes and/or primers of the 
invention; or a combination thereof 

Another object of the present invention is a kit, in whidi said probes and/or 
15 primers are used, for the detection and/or identification iS'-topAy/ococcuy species, in 

: particular of Staphylococcus aureus, 
» . • Another object of the present invention is a rapid and reliable hybridization ^ 
method for detection and/or identification of Staphylococcus species, in particular of 
Staphylococcus aureus, 

20 Another object of the present invention is a hybridization method based on real 

time PGR for detection and/or identification of Staphylococcus spedes, in particular of 
Staphylococcus aureus. 



TABLE LEGENDS 

25 Table 1: list of SEQ IDs 

Table 2: primer pairs 
Table 3: set of probes 
Table 4: Staphylococcus species 



30 DETAILED DESCRIPTION OF THE INVENTION 



The following definitions serve to illustrate the terms and expressions used in the 
different embodiments of the present invention as set out bdow. 

The terms "spacer" and "TTS" (Internal Transcribed Spacer) are abbreviated terms 
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both referring to the region between the 16S and 23S rRNA or between the 1 6S and 23S 
rRNA genes. 

The term "probe" refers to single stranded oligonucleotides or polynucleotides 
which have a sequence which is sufficiently complementary to hybridize to the target 
sequence to be detected. 

Preferably the probes of the invention are 70%, 80%, 90%, or more than 95% 
homologous to the exact complement of the target sequence to be detected. These target 
sequences are either genomic DNA or precursor RNA, or amplified versions thereof 

The probes of the invention can be formed by cloning of recombinant plasmids 
containing inserts including the corresponding nucleotide sequences, if need be by 
cleaving the latter out fi-om the cloned plasmids upon using the adequate nucleases and 
recovering them, e.g. by fiactionation according to molecular weight. 

The probes according to the present invention can also be synthesized chemically, 
for instance by the conventional phospho-triester method. 

The term "complementary" nucleic acids as used herein means that the nucleic 
add sequences can form a perfect base-paired double helix with each other. 

The terms "polynucleic add", "nucleic acid", and "polynucleotide" correspond to 
either double-stranded or single-stranded cDNA or genomic DNA or RNA, containing at 
least 5, 10, 20, 30, 40 or 50 contiguous nucleotides. A polynucleic add which is smaller 
than 100 nucleotides in length is referred to as an "oligonucleotide". 

They can also refer to modified nucleotides such as inosine or nucleotides 
containing modified groups whidi do not essaitially alter fhdr hybridization 
characteristics. 

Single stranded polynucleic add sequences are always rqa-esmted in the current 
invention fix)m the 5' end to the 3* end. 

They can be used as such, or in their complementary form, or in their RNA form 
wherein T is replaced by U. 

The tom "closest ndghbof means the taxon whidi is known or expected to be 
most closely related in terms of DNA homology and whidi has to be diflfer^tiated firom 
the organism of interest 
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The expression "taxon-spedfic hybridization" or "taxon-spedfic probe" means that 
the probe only hybridizes to the DNA or RNA fiom the taxon for which it was designed 
and not to DNA or RNA from other taxa. 

The term taxon can refer to a complete genus or a sub-group within a genus, a 
5 species or even subtype within a species (subspecies, serovars, sequevars, biovars...)- 

The term "specific ampUfication" or "specific primers" refers to the fact that said 
primers only amplify the spacer region from these organisms for which they were 
designed, and not from other organisms. 

The term "sensitivity" refers to the number of felse negatives: i.e. if 1 of the 100 
10 strains to be detected is missed out, the test shows a smsitivity of (100-1/100)% = 99%. 

The term "specificity" refers to the number of false positives: i.e. if on 100 strains 
detected, 2 seem to belong to organisms for which the test is not designed, tiie specificity 
of the test is (100-2/100)% = 98%. 

The oHgonucleotides or polynucleotides selected as being "preferential" show a 
15 sensitivity and specificity of more than. 80%, preferably more flian 90% and most 
preferably more tiian 95%. 

The term "soUd support" can refer to any substrate to which a polynucleotide 
probe can be coupled, provided that it retains its hybridization characteristics and 

20 provided that the background level of hybridi2ation remains low. Usually the soUd 
subsbrate will be a microtiter plate, a membrane (e.g. nylon or nitrocellulose) or a 
microsphere (bead). Prior to appHcation to the membrane or fixation it may be 
convenient to modify the nucldc add probe in order to faciUtate fixation or improve the 
hybridization efficiency. Sudi modifications may encompass homopolyma: tailing, 

25 coupling with different reactive groups such as aliphatic groups, NH2 groups, SH groups, 
carboxylic groxqjs, or coupling with biotin, haptens or proteins. 

The tern "labded" refers to tiie use of labeled nucleic adds. Labehng may be 
30 carried out by the use of labeled nucleotides incorporated during the polymerization step 
of the amplification such as illustrated by Saiki et al. (1988) or Bej et al. (1990) or by the 
use of labeled primers, or by any otha method known to the person skilled in the art 
The nature of the label may be isotopic (^^P, ^^S, etc.) or non-isotopic (biotin, 
digoxigenin, fluorescent dye, biotin, enzyme, etc.). 
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The tenn "signal" refers to a series of electromagnetic waves (for example 
fluorescence), or changes in electrical current which carry infonnation. The signal can be 
directly visible, or can be made visible and/or intetpretable by different means or 
devices. 

5 The "sample" may be any biological material. This biological material may be 

taken either directly from the infected human being, or animal, or after culturing or 
enrichment, or from food, from the environment, etc . 

Biological material may be for example expectoration of any kind, 
broncheolavages, blood, skin tissue, biopsies, lymphocyte blood culture material, 

10 colonies, etc. Said samples may be prepared or extracted according to any of the 
techniques known in the art 

The Staphylococcus species that are clinically relevant in the meaning of the 
present invention are S. aureus, S. auricularis, S, capitis, S, caprae, 51 cohnii, 51 
epidermidis, S. haemolyticus, 5. hominis, S. lugdunensis, S, pastemi, S. saccharolyticus, 

15 S saprophyticus, S: schleiferi; S, simulans, 5. wameri, andS, xylosus (Table 4). 

The ITS is already known for some Staphylococcus species (WO96/00298). 
In further studies, the full genome sequencing of different Staphylococcus species 
20 has revealed that these organisms contain at least 5 ribosomal RNA op^ons in their 
genome. 

In particular, within Staphylococcus species, 5. aureus strains show a varidy of 
spacer sequences even within one single isolate. 

Those different ITS, more than 16 types of sequences, vary also in length in the 
25 range of 300 to 550 base pairs. 

To solve the problems gen«:ated by this very high variability, the present invention 
provides a particular region of the ITS, ideatified and delimited for its great advantage of 
offering a unique target sequence for the detection and/or identificatioa of all 
Staphylococcus species, and in particular of all Staphylococcus species clinically 
30 relevant, and more particularly of 51 aureus. 

Indeed, it has been discovered that the target sequence of the invention are found 
in all type of spacer of every Staphylococcus species, in particular of every 
St^hylococcus species that are clinically relevant 
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This particular region of the ITS, also referred to as the "target region" or "target 
sequence", can be dejSned as a nucleic add molecule consisting of SEQ ID NO 1 or SEQ 
ID NO 2, or as a nucleic add molecule that is homologous to SEQ ID NO 1 or 2, their 
RNA form wherein T is replaced by U, or their complementary foim. 

This term '^target sequence" covers all the homologous sequences found in the ITS 
of any Staphylococcus species, said homologous sequences are also referred to herein 
aft^ as 'liomologues". The degree of homology is then higher than 75%, gena^lly 
higher than 80%, and even higher than 90%. 

In the framework of this invention, *liomologues" are then homologous sequences 
to SEQ ID NO 1 or 2 or to any fragment thereof, localized in the ITS region of any 
Staphylococcus species, SEQ ID NO 1 and 2 being derived from different S. aureus 
strains. 

New polynucleotides for use as probes and/or primers designed from the target 
sequence of the invention for the detection and/or identification of Staphylococcus 
. spedes are also an object of the invention. 

In other words, an object of the invention relates to new polynucleotides for use as 
probes and/or primers, which hybridize with the target sequence of the invention for tiie 
. detection and/or identification of Staphylococcus spedes. 

In particular, an object of the invention is an isolated nucldc add molecule that 
spedfically hybridizes to SEQ ID NO 1 or 2, or to the RNA fomi of said SEQ ID NO 1 
or 2 wherein T is replaced by U, or to the complementaiy form of said SEQ ID NO 1 or 
2, or to a fragment of at least 20 contiguous nucleotides thereof, or to any of their 
homologues, for the detection and/or identification of Staphylococcus spedes, in 
particular of 5. aureus. 

Preferred polynudeotide probes are between about 5 to about 50 bases in length, 
more preferably from about 10 to about 25 nucleotides and are suflBcienfly homologous 
to the target sequence. 

Polynudeotides of SEQ IDs NO 1 to 70 and any of their homologues may be used 
as probes. 

Preferred probes are polynucleotides of SEQ IDs NO 14, 16 to 23, 25 to 32, 35 to 
42 and homologues. 
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Preferred primers of the invention are single stranded DNA polynucleotides 
capable of acting as a point of initiation for synthesis of the target sequence of the 
invention. The length and the sequence of a primer of ttie invention must be sudi that 
they allow to prime the synthesis of the extension products. 

5 Preferably a primer of the invention is about 5 to about 50 nucleotides long, 

preferably about 15 to about 25. Its ^ecific length and sequence is to be chosen 
dq)ending on the conditions used such as temperature and ionic strength. 

Preferred primers of the invention amplify the target sequence. In ofha: words, 
preferred primers of the invention amplify SEQ ID NO 1 or SEQ ID NO 2 and/or 

10 homologues. 

Preferred primers of the invention are polynucleotides of SEQ IDs NO 51, 52, 53, 
55, 58 65, 67, 68, 69, 70, and homologues. 

The fact that ampUfication primers do not have to match exactly with the 
corresponding template sequ^ce to warrant proper ampUfication is amply documented 
15 in the literature (Kwoketal., 1990). 

The ampUfication method used can be either polymerase chain reaction (PGR; 
Saiki et al., 1988), Ugase chain reaction (LCR; Landgren et al., 1988; Wu & Wallace, 
1989; Barany, 1991), nucleic acid sequence-based amplification (NASBA; GuateUi et 
al., 1990; Compton, 1991), transcription-based amplification systan (TAS; Kwoh et al., 
20 1989), strand displacement amplification (SDA; Duck, 1990; Walker et al., 1992) or 
ampUfication by means of QiJ repUcase (Lizardi et al., 1988; LomeU et al., 1989) or any 
other suitable method to amplify nucleic add molecules known in the art 

The preferred polynucleotides of the invention for use as primers or as probes are 

25 Usted in Table 1. 

Polynucleotides of the invention may differ in sequmce firom any of the 
polynucleotides specified in Table 1, or fix)m any of their homologues, either by addition 
to or removal fiom any of their respective extremities of one or several nucleotides, or by 
changing one or more nucleotides wittdn said sequences, or a combination of both, 

30 provided that the equivalents then obtained still hybridize with the target sequence as the 
corresponding unmodified polynucleotides. Said equivalent polynucleotides share at 
least 75% homology, preferably more than 80%, most preferably more flian 85% 
homology with the corresponding unmodified polynucleotides. 
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When using an equivalent of a polynucleotide, it may be necessary to modify the 
hybridization conditions to obtain the same specificity as the corresponding unmodified 
polynucleotide. 

As a consequence, it will also be necessary to modify accordingly the sequence of 
other polynucleotides when the polynucleotides are to be used in a set under the same 
hybridization conditions. These modifications can be done according to principles 
known in the art, e.g. such as those described in Hames B and Higgins S (Eds): Nucleic 
acid hybridization. Practical approach. IRL Press, Oxford, UK, 1985. 

The polynucleotides primers and/or probes of the invention may also comprise 
nucleotide analogues such as phosphorothioates (Matsukura et al., 1987), 
alkylphosphorothioates (Miller et al., 1979) or peptide nucleic acids (Nielsen et al., 1991; 
Nielsen et al., 1993) or may contain intercalating agents (Assehne et al., 1984), etc. 

The modified primers or probes require adaptations with respect to the conditions 
under which they are used in order to obtain the required specificity and sensitivity. 
However the results of hybridization should remain essentially the same as those 
obtained with the unmodified polynucleotides. 

The introduction of these modifications may be advantageous in order to influence 
some characteristics sucbas hybridization kinetics, reversibility of the hybrid-formation, 
biological stability of the polynucleotide molecules, etc. 

The probes and primers of the invention are used in methods, also objects of the 
present invention, for the d^ection and/or identification of Staphylococcus species, in 
particular of £ aureus. 

Detection and/or identification of the target sequence can be performed by using a 
electrophoresis method, a hybridization method or a sequencing mefliod. 

A method of the invention for the detection of one or more Stapltylococcus spedes 
in a sample comprises the following steps: 

- First, and if necessary, the nucleic adds present in the sample are made available 
for amplification and/or hybridization. 

- Secondly, and also if necessary, the nucleic adds, if present, are mxpM^eA with 
one or another target amplification system, as spedfied bdow. Usually, amplification is 
needed to enhance the subsequent hybridization signal. However for some samples, or 
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for some hi^y sensitive signal-amplification systems, amplification might not be 
necessaiy. 

- Thirdly, the nucleic adds present in the sample or the resulting amplified product 
are contacted with probes, and hybridization is allowed to proceed. 

- Finally, the hybrids are detected using a convenient and compatible detection 
system. From the hybridization signals or patterns observed the presence or absence of 
one or several Staphylococcus species can be deduced. 

The amplification system used may be more or less universal, depending on the 
specific application needed. 

By using universal primers located in the conserved flanking regions (16S and 23S 
gene) of tihe rRNA spacer, the spacer region of most if not all organisms of eubacterial 
origin will be amplified. 

For some applications it may be appropriate to amplify not all organisms present in 
the sample but one or several Staphylococcus species. This may be achieved using 
specific primers located in the target region of Staphylococcus species, and for example 
the polynucleotides of SEQ IDs NO 69 and 70 or their homologues may be used as such 
a prim^ pair, or preferably the polynucleotides of SEQ IDs NO 58 and 68 or their 
homologues. :\r. 

In particular, a method of the invention for detection and/or identification of 
Staphylococcus spedes, notably of Staphylococcus aureus^ in a sample comprises the 
steps of:. 

(i) if need be releasing, isolating and/or concentrating the polynucleic adds 
in the sample; 

(ii) if need be amplifying the 16S-23S rRNA spacer region, or a fragment 
comprising flie target sequence, or flie target sequence or a fi:agment thereof, with at least 
one suitable primer pair; 

(iii) hybridizing the polynucldc adds of step (i) or (ii) with at least one 
polynucleotide probe that hybridizes to the target sequence, wherdn flie target sequence 
consists of SEQ ID NO 1 or 2 or homologues thereof, or to flidr RNA fomi wherein T 
is replaced by U, or to their complementary form, or a to a firagment of at least 20 
contiguous nucleotides thereof, 

(iv) detecting the hybrids formed, and 
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(v) interpreting the signal(s) obtained and inferring the presence of 
Staplrylococciis species and/or identifying the Staphylococcus species in the sample. 

Preferably, the probes of the inventions hybridize under conditions of high 
5 stringency. 

Under high stringency conditions only complementary nucleic acid hybrids are 
formed. Accordingly, the stringency of the assay conditions detennines the amount of 
complementarity needed between two nucleic acid strands forming a hybrid Stringency 
is chosen to maximize the difference in stability between the hybrid formed with the 
10 target and the non-target nucleic acid. 

The hybridization conditions are chosen in such a way that the signal of 
hybridization obtained when a polynucleotide of the invention hybridizes specifically to 
a target sequence, is different fix)m the signal obtained when said polynucleotide 
hybridizes to a target sequence in a non-specific manner. 

15 

In practice, the different signals may be visualized for example when its intensity 
is two, five, ten or more times stronger with a specific hybridization to the target, as 
compared to non-specific hybridization to the target sequ^ce, LiPA system for exanq)le. 

The different signals may also be visualized when different peaks are drawn in a 
20 melting curve analysis, for instance when using a real time PGR method. 

The fiagment mentioned in the ampUfication or the hybridization stq) of any 
method of the invention may comprise 20 to 50, 20 to 80 or 20 to 100 contiguous 
nucleotides of SEQ ID NO 1 or 2 or of any homologues. 

25 

In one embodiment, a very convenient and advantageous technique for the 
detection of target sequences fliat are possibly present in the sample is the real time PGR 
method. 



30 There are difiFerent formats for the detection of amplified DNA, notably TaqMan^ 

probes, Molecular Beacons probes, or FRET hybridization probes. 
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Concerning the TaqMan™ probes, a single-stranded hybridization probe is labeled 
with two components. When the fiurst component, the so-called fluorescer, is excited witti 
light of a suitable wavelength, the absorbed energy is transferred to the second 
component, the so-called quencher, according to the principle of fluorescence resonance 

5 energy transfer. During the annealing step of the PGR reaction, the hybridization probe 
binds to the target DNA and is degraded by the 5'-3' exonuclease activity of the 
polymerase, for example Taq Polymerase, during the elongation phase. As a result the 
excited fluorescent component and the quencher are spatially separated from one another 
and thus a fluorescence emission of the first component can be measured (EP B 0 543 

10 942 and US 5,210,015). 

Concerning Molecular Beacons probes, the probes are also labeled with a first 
component and with a quencher, the labels preferably being located at different ends of 
an at least partially self-complementary probe. As a result of the secondary structure of 
15 the probe, both components are in spatial vidnity in solution. After hybridization to the 
target nucleic acids both components are separated from one another such that after 
excitation with ligjit of a suitable wavelength the fluorescence emission of the first 
component can be measured (US 5,118,801). ^ ' ■ - 

20 The Fluoreso^ce Resonance Energy Transfer (FRET) hybridization probe test 

format is especially useful for all kinds of homogenous hybridization assays (Matthews, 
X A. and Kricka, L I, Anal Biochem 169 (1988) 1-25). It is characterized by two single- 
stranded hybridization probes which are used simultaneously and are complemaitary to 
adjacent sites of the same strand of an (amplified) target nucleic acid. Both probes are 

25 labeled with different fluorescent components. When excited with Ugiht of a suitable 
wavelength, a first component transfers the absorbed mergy to the second component 
according to the prindple of fluorescence resonance energy transfer such that a 
fluorescence emission of the second oomponoit can be measured only when both 
hybridization probes bind to adjacent positions of flie target molecule to be detected. 

30 When annealed to the target sequence, the hybridization probes must be located 

very close to each other, m a head to tail arrangement Usually, the gap between the 
labeled 3* end of the first probe and flie labeled 5 ' end or the second probe is as small as 
possible, and notably consists of about 0 to 25 bases, and preferably of about 1 to about 5 
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bases. This allows for a close vicimty of the FRET donor compound and the FRET 
acceptor compound, which is typicaUy 10-100 Angstrom. 

Altonatively to monitoring the increase in fluorescence of the FRET acceptor 
component, it is also possible to monitor fluorescence decrease of the FRET donor 
component as a quantitative measurement of hybridization event 

Among all detection formats known in the art of real time PGR, the FRET- 
hybridization probe format has been proven to be highly sensitive, exact and reliable 
(WO 97/46707; WO 97/46712; WO 97/46714). Yet, the design of appropriate FRET 
hybridization probe sequences may sometimes be limited by the special characteristics 
of the target nucleic acid sequence to be detected 

As an alternative to the usage of two FRET hybridization probes, it is also possible 
to use a fluorescent-labeled primer and only one labeled polynucleotide probe (Bernard, 
P. S., et al., Anal. Biochem. 255 (1998) 101-7). In this regard, it may be chosen 
arbitrarily, whether the primer is labeled with the FRET donor or the FRET acceptor 
compound. 

FRET hybridization probes (also called Hybprobes or FRET-probes) can also be 
used for melting curve analysis (WO 97/46707; WO 97/46712; WO 97/46714). In such 
an assay, the target nucleic acid is amplified first in a typical PGR reaction with suitable 
amplification primers. The hybridization probes may akeady be present during the 
amplification reaction or be added subsequently. After completion of the PCR-reaction, 
the temp^ature of the sample is consecutively increased. Fluorescence is detected as 
long as the hybridization probe is bound to the target DNA. At the melting temperature, 
the hybridization probe is released fi-om their target, and flie fluorescent signal is 
decreasing immediately down to the background levd. This decrease is monitored with 
an appropriate fluorescence versos tOTiperature-time plot such that the negative of a first 
derivative fiinction can be calculated. The temperature value corresponding to the 
obtained maximum of such a fimction is then taken as the determined melting 
temperature of said pair of FRET hybridization probes. 

Point mutations or polymorphisms within the target nucleic add result in a less 
then 100% complementarity between the target nucleic add and the FRET probes, thus 
resulting in a decreased melting temperature. This enables for a common detection of a 
pool of sequence variants by means of FRET-Hybpiobe hybridization, whaeas 
subsequently, different members of said pool may become discriminated by means of 
performing melting curve analysis. 
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Instead of FRET hybridization probes, Molecular Beacons may alternatively be 
used for melting curve analysis. 

Upon the availability of Real-Time PGR and homogenous Real-Time PGR 
melting curve analysis, discrimination of certain types of species or strains became 
possible using either double stranded DNA binding dyes such as SybrGreen™!, or, 
altematively, specifically designed hybridization probes hybridizing to different but 
similar target sequences. 

In the first case, melting temperature of the generated double stranded PGR 
product has to be determined. Yet, this method has only limited appUcations since few 
differences cannot be monitored efficiently, because minor sequence variations only 
result in subtle melting tanpemture differences. 

Altematively, hybridization probes may be used in such a way that the melting 
temperature of the probe/target nucleic acid hybrid is being determined 

There are different real time PGR platforms such as the ABI/Prism™ equipments, 
and in particular the LightGycler™ apparatus, all based on the same principle consisting 
vof measuring the light anission, continually monitoring the emission peak during the 
: : melt cycle, determining and visualizmg the temperatures (melting peaks) at which the 
labeled probes detach from the ampUfication products. The melting peak data are 
characteristic of a particular [probeitarget] sequence because mismatches between probe 
and target affect the kinetics of melting, producing different melting peaks jfor each 
species of interest 

The LightGycler™ platform offers many advantages and in particular a gain of 
time and the possible use of sevral differmt sequence-spedfic fluorescent probe 
detection systems such as hybridization probes (HybPiobes), TaqMan™ probes. 
Molecular Beacons and biprobes (S YBR Green J). 

In a preferred method of the present invention, the HybProbe system is used, 
consisting of two adjacent polynucleotide probes derived from the target region of the 
invention, m a head-to-tail orientation, spaced by a few nucleotides, generally 0 to 25, 
preferably about 1 to about 5. One of the probes is labeled at its 3* end by a donor dye, 
the other is labeled with an acceptor molecule at its 5' end, and is phosphate blocked at 
the 3 ' end (to prevent its acting as a prim^). The donor dye is generally fluorescdn, and 
the acceptor molecule generally LC Red640 or 705. 
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The detection of the target sequence of the invention may be achieved also by an 
internal labeled PGR strand and a detection probe located on Ihe opposite strand. The 
signal is depraident on the spa&sl approximation of the dyes, and is dq)endent on the 
amount of the target 

When both probes are hybridized to their target sequence the emitted light of the 
donor is transmitted to the acceptor fluorophore by Fluorescence Resonance Energy 
Transfer (FRET), and the emitted fluorescence (640 or 705 nm) can be detected. The 
intensity of the emitted fluorescence increases in parallel with the target DNA, product 
of the amplification. 

The LightCycler probes offer the advantage over the TaqMan™ piobes of not 
requiring hydrolysis and, therefore, no additional extension of the PGR times (annealing- 
elongation < 12 s). It is therefore possible to take advantage of the high-speed thermal 
cycling of the LightCycler, and complete the PGR program in only 45 minutes. 

And the most recent generations of this real-time PGR platform are able to monitor 
several probes in a single reaction, allowing the detection and/or identification of 
different Staphylococci, at the species level and also at lower taxonomical levels. 

Moreover, it has been shown that the methods designed for TaqMan technology 
can be easily converted to HybProbe technology with equivalait results (Haematologica 
vol. 85 (12) pp. 1248-1254, December 2000). 

Therefore another object of the invention relates to sets of 2 polynucleotide piobes, 
also referred to as HybProbes, both HybProbes hybridizing to the same target sequence, 
adjacent to each other, with no more than 25 nucleotides between said 2 HybProbes, 
preferably with no more than 10 nucleotides, in particular with no more than 5 
nucleotides. 

One of the HybProbes is labeled with an accqptor fluorophore and the other with a 
donor fluorophore of a fluorescence energy transfer pair such that upon hybridization of 
tiie two HybProbes with the target sequence, the donor and acceptor fluorophores are 
within 0 to 25 nucleotides of one anotho:, and preferably within 0 to 5 nucleotides of one 
another. 

For detecting and/or idaitifying Staphylococcus species, in particular 
Staphylococcus species clinically relevant, a set of two polynucleotide probes may be 
used, said two probes hybridizing to SEQ ID NO 1 or SEQ ID NO 2, or to the RNA 
form of said SEQ ID NO 1 or 2 wherein T is rq>laced by U, or to flie complementary 
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form of said SEQ ID NO 1 or 2, or to homologues, wherein there are no more than 25 
nucleotides, preferably no more than 5 nucleotides, between said two probes. 

A set of probes of the invention may also consist of 3, 4, 5, 6, 7, 8, 9, 10, or more, 
probes, but it preferably consists of 2 to 5 probes, and more preferably of 2 or 3 probes. 

The sets of probes listed in Table 3 and their homologues are preferred sets of the 
invaitioiL 



Sets of 2 polynucleotides, one for use as primer, the other for use as probe, may 
also be used, both said primer and probe hybridizing to the target sequence consisting of 
SEQ ID NO 1 or 2, of the RNA form of said SEQ ID NO 1 or 2 wherein T is replaced by 
U, of the complementary form of said SEQ ID NO 1 or 2, or of any homologues, 
wherein there are no more than 25 nucleotides, preferably no more than 5 nucleotides, 
between said primer and said probe. 

The sets of at least 2 polynucleotides of the invention are used in methods for the 
detection and^or identification of Staphylococcus species, in particular ofS. aureus, 

A metiiod of the present invention for detection and/or identification of 
Staphylococcus species in a sample, comprises the steps of: 

(i) if need be releasing, isolating and/or concoatrating the polynucldc acids 
in the sample; 

(ii) amplifying the 1 6S-23S rRNA spacer region, or the target sequence, or a 
part of flie spacer comprising tiie target sequence, or a part of the target sequence, with at 
least one suitable primer pair; 

(iii) hybridizing tiie polynucldc adds with at least one set of at least two 
HybProbes that hybridize to the target sequence, wherdn the targ^ sequence consist of 
SEQ ID NO 1 or 2, or of the RNA form of said SEQ ID NO wherein T is replaced by 
U, or of the complementary form of said SEQ ID NO, or of any homologues, or of a 
fragment of at least 20 contiguous nucleotides thereof; 

(iv) detecting the hybrids formed in step (iii); 

(v) inferring the presence of Staphylococcus spedes, or identifying the 
Staphylococcus species in the sample from the diflfaential hybridization signals obtained 
in step (iv). 
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For example^ a primer pair used in the amplification stqp is any cx)mbination of a 
forward primer consisting of SEQ ID NO 45, 49, 50, 52, 56, 61 , 63, 64, 65, 66, 67, 68 or 
their homologues, and a reverse primer consisting of SEQ ID NO 46, 47, 48, 51, 53, 54, 
55, 57, 58, 59, 60, 62, or their homologues. 

5 

For example, a set of 2 HybProbes used in the hybridization step is any 
combination of 2 HybProbes chosen among polynucleotides of SEQ IDs NO 3 to 70 or 
their homologues, provided that the gap between said two HybProbes when hybridized 
to the target sequence is l^s than 25 nucleotides, preferably less than 5 nucleotides. 

10 

One of the advantages of the HybProbes system resides in the fact that it allows 
the detection of sequence variation, including mutations, polymorphisms and other 
variant nucleic acid species, based on the following molecular concept: one of the 
HybProbe is a tightly binding "anchor probe" whereas the adjacent "sensor probe" spans 

15 the region of sequence variation. During melting of the final PGR product, the sequence 
alteration is detected as a change in the melting temperature (Tm) of the sensor probe. 

For example, if the sample contains only SEQ ID NO 1, using Hybprobes that 
specifically hybridize to said SEQ ID NO 1 would generate a single melting peak. If 
there is also a homologue in the sample, using the same two HybProbes would generate 

20 two peaks, as far as there is one mismatched base which generally induces a temperature 
shift easily observable. 

Depending on the polynucleotides selected , flieir Tm and the hybridization 
conditions, the fluorescence may be measured during the amplification step, generating 
25 then amplification curves, or after the amplification step, for a melting curve analysis 
geoerating melting curves. 

Thus the signal obtained may be visualized in the form of amplification curves or 
in the form of melting curves, fiom which it is possible to uifer the presence of 
Staphylococcus spedes, and/or to infer which one(s) of the Staphylococci are present. 

30 

In particular, a method for detection and/or identification of Staphylococcus 
species in a sample comprises also the stq)s of 

(i) if need be releasing, isolating and/or concmtrating the polynucldc adds 
in the sample, and 
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(ii) amplifying the target sequence, or a part of it, with a primer pair that is 
labeled, 

(iii) hybridizing the polynucleic adds with at least one HybProbe that 
hybridize, adjacent to said labeled primer with less than 25 nucleotides in between, to 

5 SEQ ID NO 1 , or to the RNA form of said SEQ ID NO 1 wherein T is replaced by U, 
or to the complementary form of said SEQ ID NO 1, or to any homologues, or to a 
fragment of at least 20 contiguous nucleotides thereof, 

(iv) detecting the hybrids formed, and 

(v) inferring the presence of Staphylococcus species, and/or identifying the 
1 0 Staphylococcus species in the sample from the signals obtained in step (iv). 

A method of the invention using the HybProbes system, may be adapted for the 
detection and identification of Staphylococcus aureus^ allowing the distinction of S. 
aureus from other species, and in particular from coagulase negative Staphylococci 
15 (CoNS). 

r. :- \ ' ; Then, in the amplification step, suitable primers are primer pairs that specifically 
: s jamplify the target sequence which consists of SEQ ID NO 1, or of the RNA form of 

said SEQ ID NO wherein T is replaced by U, or of the complementary form of said 

SEQ ID NO. 

20 In the hybridization step, the HybProbes should hybridize specifically to SEQ ID 

NO 1 or 2, or to the RNA form wherein T is replaced by U, or to the complementary 
form. 

Therefore, S. aureus strains can be unequivocally distinguished fix)m all other 
organisms examined by melting curve analysis, 
25 Furthermore, only CoNS give rise to melting peaks; no relevant signals are 

obtained with non-Staphylococci or hxmian genomic DNA. 

Preferred primer pairs used in this particular example are any combinations of 
forward primers chosen among SEQ ID NO 68 or 69 or their homologues and reverse 
primes chosen among SEQ ID NO 58 or 70 or their homologues. 
30 The sets of HybProbes listed in Table 3 or their homologues are the prefened sets 

of HybProbes of the invention. A more preferred.set of 2 Hybprobes consists of SEQ ID 
NO 17 or homologues and SEQ ID NO 19 or homologues. 

The set of HybProbes consisting of SEQ ID NO 17 and 19 is able to detect S. 
aureus, S. epidermidis, and S. haemolyUcus with a high sensitivity. 
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Each polynucleotide listed in Table 1, corresponding to SEQ ID NO 1 to SEQ ED 
NO 70 and any of their homologues, may be used in any methods of the present 
invention as a primer and/or as a probe, alone or in combinatioa 

5 

A second embodiment based also on a hybridization method is the Line Probe 
Assay technique. The Line Probe Assay (LiPA) is a reverse hybridization format (Saiki 
et al., 1989) using membrane strips onto which several polynucleotide probes (including 
10 negative or positive control polynucleotides) can be conveniently applied as parallel 
lines. 

The LiPA technique, as described by Stuyver et al. (1993) and in international 
application WO 94/12670, provides a rapid and user-fiiendly hybridization test Results 
can be read within 4 h. after the start of the amplification. Aft^ amplification during 

15 which usually a non-isotopic label is incorporated in the ampKfied product, and alkaline 
denaturation, the amphfied product is contacted with the probes on the membrane and 
the hybridization is carried out for about 1 to 1,5 h. Consequenfly, the hybrids formed are 
detected by an enzymatic procedure resulting in a visual purple-brown precipitate. The 
LiPA format is completely compatible with commercially available scanmng devices, 

20 thus rendering automatic interpretation of the results possible. All those advantages 
make the LiPA foraiat liable for use in a routine setting. 

The LiPA fomaat is an advantageous tool for detection and/or identification of 
pathogens at the species level but also at higher or lower taxonomical levels. For 
instance, probe-configurations on LiPA strips can be selected in such a manner that they 

25 can detect the complete genus of Staphylococcus or can identify spedes within the genus 
(e.g. Staphylococcus aureus, epidermidis^ etc) or can in some cases even detect subtypes 
(subspecies, serovars, sequevars, biovars, etc. whatevw* is clinically relevant) within a 
species. 

The ability to simultaneously generate hybridization results with a large number of 
30 probes is anoth^ benefit of the LiPA technology. In many cases the amount of 
information which can be obtained by a particular combination of probes greafly 
outnumbers the data obtained by using single probe assays. Therefore the selection of 
probes on the membrane strip is of utmost importance since an optimized set of probes 
will generate the maximum of information possible. 
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These probes can be applied to membrane strips at different locations and the 
result is interpreted as positive if at least one of these probes is positive. Alternatively 
these probes can be applied as a mixture at the same location, hereby reducing the 
number of lines on a strip. This reduction may be convenient in order to make the strip 
5 more concise or to be able to extend the total number of probes on one strip. 

Another alternative approach, in view of its practical benefits, is the synthesis of 
polynucleotides harboring the sequences of two or more different probes, referred to as 
degenerate probes, which then can be ftirthor processed and applied to the strip as one 
polynucleotide molecule. This approach would considerably simplify the manufacturing 
10 procedures of the LiPA-strips. For example, probes with nucleotide sequmces A and B 
are both required to detect all strains of taxon X. hi the latter altemative a probe can be 
synthesized having the nucleotide sequence AB. This probe will have the combined 
characteristics of probes A and B. 

By virtue of the above-mentioned properties the LiPA system can be considered as 
15 an efficient format for a hybridization method wherein several organisms need to be 
detected simultaneously in a sample: y 

However, it should be clear that any other hybridization assay, whereby different 
probes are used under the same hybridization and wash conditions can be used for the 
above-mentioned detection and/or selection methods. For example, it may be possible to 
20 iimnobilize the target nucleic add to a solid support, and use mixtures of diflfeent 
probes, all differently labeled, resulting in a different detection signal for each of the 
probes hybridized to the target. And nowadays many different supports are available. 

As an example, the procedure to be followed for the detection of one or more 
Staphylococcus spedes in a sample using the LiPA format is outlined below: 
25 - First, and if necessary, the nucleic acids present in the sample are made available 

for amplification and/or hybridization. 

- Secondly, the nucleic adds, if present, are amplified with one or anotiher target 
amplification syst^ as spedfied below. Usually, amplification is needed to enhance the 
subsequQit hybridization signal. 
30 - Thirdly, eventually after a denaturation step, the nucldc adds present in the 

sample or the resulting amplified product are contacted with LiPA strips onto which one 
or more probes (for example DNA-, RNA-, degenerate or modified probes), allowing the 
detection of the organisms of interest, are immobilized, and hybridization is allowed to 
proceed. 
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- Finally, eventually afta* having performed a wash step, the hybrids are detected 
using a convenient and compatible detection system. From the hybridization signals or 
patterns observed the presence or absence of one or several organisms screened for in 
that particular biological sample can be deduced. 

The amplijScation system used may be more or less universal, depending on the 
specific application needed. 

By using universal primers located in the conserved flanking regions of the rRNA 
spacer, i.e. in the 16S gene and the 23S gene, the spacer region of most if not all 
organisms of eubacterial origin will be amplified. 

For some appUcations it may be appropriate to ampUfy not all organisms present in 
the sample but more specifically Staphylococcus species. This may be achieved using 
specific primers located in- the target region oi Staphylococcus species, for example the 
polynucleotides of SEQ IDs NO 69 and 70 or their homologues may be used as such a 
primer pair. 

A method of the invention for detection and/or identification of Staphylococcus 
species in a sample, comprises the steps of: 

(i) if need be releasing, isolating and/or concentrating the polynucleic acids ' 
present in the sample; 

(ii) if need be amplifying the 16S-23S rRNA spacer region, or a part of it, 
with at least one suitable primer paii^ 

(iii) hybridizing the polynucleic acids wifli at least one probe that hybridizes 
to the target sequence consisting of SEQ ID NO 1 or 2, or of the RNA form of said 
SEQ ID NO 1 or 2 wherein T is replaced by U, or of the complementary fonn of said 
SEQ ID NO, or of any homologues, or of a fi:agment of at least 20 contiguous 
nucleotides thereof; 

(iv) detecting the hybrids formed in step (iii); 

(v) identification of the micro-organism(s) present in the sample fix)m the 
dififer^tial hybridization signals obtained in stq) (iv). 

The part of the ITS mentioned in the step of amplification, is a polynucleotide 
comprising the target sequence, or the target sequence itself the target sequmce 
consisting of SEQ ID NO 1 or 2, or of the RNA form of said SEQ ID NO 1 or 2 
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wherein T is replaced by U, or of the complementary form of said SEQ ID NO I or 2, 
or of any homologues, or of a fragment of at least 20 contiguous nucleotides thereof 

Preferentially, the present invention provides for a method as described above 
wherein at least 2 micro-organisms are detected simultaneously. 

A set of probes as described in step (iii) comprises at least two, three, four, five, 
six, sev^, eight, nine or more probes of the invention, or equivalents thereof 

In a preferred method of the invention, set of probes as described in step (iii) 
comprises at least two probes. 

Preferred probes are polynucleotides of SEQ ID NO 1 to 70 and their homologues. 

The present invention also provides for a method as described above, wherem the 
probes as specified in step (iii) are combined with at least one other probe, prefer^tially 
also from tiie 16S-23S rRNA spacer region, enabling the simultaneous detection of 
different pathogenic bacteria liable to be present in the same sample. 

Preferred probes are designed for attaining optimal performance under the same ' 
hybridization conditions so that they can be used in sets for simultaneous hybridization; 
this highly increases the usability of these probes and results in a significant gain in tinie 
and labor. 



A kit containing any of the polynucleotides of the present mvention is also an 
object of the inventioiL 

A kit of the invention comprise flie followmg components: 

- at least one polynucleotide hybridizing to the target sequence consisting of SEQ ID 
NO 1 or 2, to the RNA form of said SEQ ID NO 1 or 2 wherein T is replaced by U, 
to the complemaitaiy form of said SEQ ID NO 1 or 2, or to any of their 
homologues; 

- a hybridization buffer, or components necessary for producing said buffer. 

A prefenred kit comprises 

- at least one set of two HybProbes hybridizing, adjacent to each other with less than 
25 nucleotides, preferably less than 5 nucleotides, to the targ^ sequence consisting 
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of SEQ ID NO 1 or 2, to ttie RNA fonn of said SEQ E) NO 1 or 2 wherein T is 
replaced by U, to the complementary form of said SEQ E) NO 1 or 2, or to any of 
their homologues; 

- a hybridization buffer, or components necessary for producing said buffer. 
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Tablel 



PCT/EP2003/013907 



SEQIDs 


Use 




Length 


Sequence 


SEQI0N01 








mGTACAnGAAXACTAGATMGTAAGTAXAATATAGATTTTACCAYGCAAAACCGAfiTGAATA 
AAGYGTTmAAZAAGCmGAATTCATAAVAAATAATCGZTAGZGTTCGAYAGAACACTCACAA 
6UTTAATAACWSGT 


SEQIDN02 








TTTGTACAnGAAAACTAGATAAGTAAGTAAAATATAGATmACCAAGCAAAACCGAGTGAATA 
AAGAGTTTTAAATAAGCrrGAAnCATAAGAAATAATCGCTAGTGTTCGAAAGAACACTCACAA 
GATTAATAAC6CGT 


SEQ ID NO 3 


CO 


RSlau6WTcomp).1b 


63 


ACGCTCACATACGGCF TCGl 1 1 1 CATTATTTTAAATGCTCATTTACATAAGTAAACTCTGCn 


SEQIDN04 


CO 


WT(^oHP5 


69 


CTrATGAATTCAAGCTTATTTAAAACTCTmTTCACTCGGTmGCTTGGTAAAATCTATAT^ 
ACT 


SEQ 10 NO 5 


CO 


WToJigoHPe 


70 


CGAACACTAGaSAWAmcrTTATGAAnCAAGCTTATrrAAAACTCTTTATTCACTUW 1 1 it* 
CTTGG 


SEQ ID NO 6 


CO 


RStau7moompL1b 


81 


TTATAAGTCAAACGTTAACATGAAGTTACGMUI 11 lATAAAAAQAnTAAACGCGTTATTAATCT 

TGTGAGTGTTCTTTC 


SEQ ID NO 7 


CO 


RStaueWToompLla 


83 


TATAAGTCAAACGCTCACATACGGCI ICGI M ICATTAl 1 1 rAAATGCTCAi i iraATAAGTAAA 


SEQ (D NOB 


CO 


RStauHP1WTCompl.1 


88 


CTTATTTAAAACIUI 1 lAl itJAuTCUUi 1 1 1 Wi ifcitolAAWiUiAlAl 1 1 lAui iaui iaiui 
TTTTrAATGTACAAATAATGGT 

fill VjiMn 1 U 1 rtwfWi 1 rV% 1 1 


SEQiON09 


CO 


WToOgo-StauHP4 


88 


AT 1 1 AAAAUUJI 1 lAl ICACICGUI 1 I HiUI UptalAAAAIVil AIAI 1 1 lAUl lAUl lAlVIAVal I I I 

CMTGTACAATTTCTTTTTAG 


SEQ ID N0 10 


CO 


RStauHP2WTconi pl.1 


89 


1 \ jAo 1 U 1 1 C> 1 1 1 Oia/v^w*w 1 1 1 « 1 1 1 w 1 1 rtl wrV* 1 1 vTVAVjw 1 1 1 1 1 fwvw* » ir\t i 

CACTCGGTnTGCTTGGTAAAAT 


SEQ 10 NO 1 1 


CO 


Kotaun r^c wicofn pi . i 


53 


"ATTTTACCAAGCAAAACCGAGTGAATAAAGAGTTTTAAATAAGCTTGAATrCATAA(^^ 
GCTAGTGTTCGAAAGAACACTCAC 


S>CU IDNU i£. 




rxouiunrow 1 MHiipit 1 


91 


TTTAAACGCGTTATTAATCTTGTGAGTGTTCTTTCGAACACTAGC^TTATrrC^ 
AGCTTATTTAAAACTCTTTATTCACT 




CO 


RStau7WTCTtrtpl.1 fl 


101 


TCCACCATmTATAAGTCAAACGTTAACATGAAGTTACGI ICI 1 1 lAIAAAAAGATI lAAACGC 
GTTATTAATCTTGTGAGTGTTCmCGAACACTAGC 


SEQ ID NO 14 


HP 


RStBphSF€LC6.1 


21 


AGATTTTACCAAGCAAAACCG 


SEQ 10 NO 15 


HP 


RStauHP5-3FL1 


21 


AGATTTTACCAAGCAAAACCG 


SEQ 10 NO 16 


HP 


RSlauHP6a-5LC6.1 


21 


AAGCTTGAATTCATAAGAAAT 


SEQ ID N0 17 


HP 


RSlauHP6-3R.1 


23 


CCGAGTGAATAAAGAGTTTTAAA 


SEQ ID NO 18 


HP 


RStauHP4-SLC6.1 


24 


CCAAGCAAAACCGAGTGAATAAAG 


SEQ ID N0 19 


HP 


RSlauHP6b-5L08.1 


24 


GCTTGAATTCATAAGAAATAATCG 


SEQ 10 NO 20 


HP 


RSt8UHPSb^LC6.1 


25 


GAATAAAGAGmTAAATAAGCTTO 


SEQ ID NO 21 


HP 


RStauHP5a-5LC8.1 


27 


GTGAATAAAGAGTrTTAAATAAGCTTG 


SEQ ID NO 22 


HP 


RStauHP9-5LC6 


27 


AAGCTTGAATTCATAAQAAATAATCGC 


SEQ ID NO 23 


HP 


RStepHPB^LCRS 


28 


CTTGGTAAAATCTTACTTACTTATCTAG 


SEQ ID NO 24 


HP 


RStau63H.1 


29 


AAGCAGAGTTTACTTATGTAAATGAGCAT 


SEQ ID NO 25 


HP 


RSteuHPI -5LCRB4 .1 


29 


TACCAAGCAAAACCGAGTGAATAAAGAGT 


SEQ ID NO 26 


HP 


RSlaphSP-3FI.1 


29 


TTTGTACATTGAAAACTAGATAAGTAAGT 


SEQ ID NO 27 


HP 


RSt8uHP7-3FI 


29 


GCAAAACCGAGTGAATAAAGAGTTTT AAA 


SEQ ID NO 28 


HP 


RSIauHP7a-5LjCR6 


30 


AAGCTTGAATTCATAAGAAATAATCGCrrAG 


SEQ ID NO 29 


HP 


RSiauHP9-3Ft 


30 


AGCAAAACCGAGTGAATAAACAGrnrTAAA 


SEQ ID NO 30 


HP 


RS}3UHP4-3F1.1 


31 


ATTGTACATTGAAAACTAGATAAGTAAGTAA 


SEQ ID NO 31 


HP 


RSIauHP3-LC6.1 


32 


AGTGTTCGAAAGAACACTCACAAGATTAATAA 


^Q ID NO 32 


HP 


RStauHPS^ 


32 


AGCTTAI 1 lAAAACTCI 1 1 ATTCACTCGGTTT 


SEQ ID NO 33 


HP 


RSIau65LC6.1 


33 


TAAAATAATGAAAACGAAGCCGTATGTGAGCGT 


SEQ ID NO 34 


HP 


RStauSSLCr.l 


33 


TAAAATAATGAAAACGAAGCCGTATGTGAGCGT 


SEQ ID NO 35 


HP 


RStauHP2-LC6.1 


33 


GAATTCATAAGAAATAATCGCTAGTGTrCGAAA 


SEQ ID NO 38 


HP 


RSlauHP2c-3R.1 


33 


TrrCGAACACTAGCGATTATTTCTTATGAATTC 


SEQ ID NO 37 


HP 


RSteuHP2-3F1.1 


34 


GCAAAACCGAGTGAATAAAGAQTnTAAATAAQC 


SEQ (0 NO 38 


HP 


RStauHP2c-LC8.1 


34 


GCTTATTTAAAACTCTTTATTCACTCGGTl [ fGC 


SEQ ID NO 39 


HP 


RSteuHpejLCRS 


36 


GCTTGGTAAAATCTATATTTTACTTACTTATCTAGT 


SEQ ID NO 40 


HP 


RStauHP1-3FI.1 


38 


GTACATTQAAAACTAQATAAGTAAGTAAAATATAGATT 


SEQ ID NO 41 


HP 


RSlauHP3-3FI.1 


38 


GAGTTTTAAATAAQCTT6AATTCATAAGAAATAATCGC 


SEQ ID NO 42 


HP 


RSiau73R.1 


39 


GAAAGAACACTCACAAGATTAATAACGCGTrrAAATCTT 


SEQ ID NO 43 


HP 


RSlau75LC6.1 


41 


mTAAAAGAACGTAACTTCATGTTAACGTrrGACTTATAA 


SEQ ID NO 44 


HP 


RStau75LC7.1 


41 


TTATAAAAGAACGTAACTTCATGTTAACGTTTGACTTATAA 


SEQ ID NO 45 


Pr 


RSlauFPIS.I 


17 


CTTCAGAAGATGCGGAA 


SEQ (D NO 48 


Pr 


RSIauRP2i1 


18 


TTTCGAACACTAGCGATT 


SEQ ID NO 47 


Pr 




20 


GTTATTAAUCTTGTGAGTGTT 


SEQ ID NO 48 


Pr 




20 


ACSXGrnATTAAUCTTGTGAG 


SEQ ID NO 49 


Pr 


RStauFPIO.I 


19 


CTTCAGAAOATGCGGAATA 


SEQ ID NO 50 


Pr 


RStauFP20.1 


19 


TTCTTCAGAAGATGCGGAA 


SEQ ID NO 51 


Pr 


St9pt>-P2&rBV 


19 


TTCrrTTCGAACACTAGCGA 


SEQ ID NO 52 


Pr 


StauPOl 


20 


ACCAAGCAAAACCGAGTGAA 


SEQ ID NO 53 


Pr 


Staph.P2Sfev 


20 


GTTCTTrCGAACACTAGCGA 


SEQ (D NO 54 


Pr 




20 


SXGrrATTAAUCTTGTGAGrTG 


SEQ ID NO 55 


Pr 


StaphPZBrev 


20 


CGCGTTATTAATCTreTGAG 
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SEQ IDs 


Use 


References 


Length 


Sequence 


SEQ ID NO 56 


Pr 




20 


CATTGAAXACTAGATAAGTA 


SEQPN0 57 


Pr 




20 


GTTATTAAUCTTGTGAGTGTT 


SEQ ID NO 58 


Pr 


SlapM^lrev 


22 


ACQCGTTATTAATCTTGTGAGT 


SEQ 10 NO 59 


Pr 


RstauRP21.1 


23 


CGAACACTAGCGATTAT ITCTTA 


SEQ ID NO 60 


Pr 


RStauRP23.1 


23 


ACTAGCGATTATTTCTTATGAAT 


SEQ P NO 61 


Pr 


StaphP34 


23 


CATATTGTATTCAGTTTTGAATG 


SEQ ID NO 62 


Pr 




18 


SXGTTATTAAUCTTGTGAG 


SEQ ID NO 83 


Pr 


StaphP32 


24 


CATATTGTATTCAGTTTTGAATGC 


SEQ ID NO 64 


Pr 


StaphP33 


24 


CATATTGTATTCAGTTTTGAATGT 


SEQIDNO 65 


Pr 


SlauPII 


25 


CATAAGAAATAATCGCTAGTGTTCG 


SEQ ID NO 66 


Pr 


Slapf>-P24 


25 


GACATATTGTATTCAGTTTTGAATG 


SEQ ID NO 67 


Pr 


StaphP2g 


26 


GAAAACTAGATAAGTAAGTAAAATAT 


SEQ ID NO 68 


Pr 


StaphPSO 


26 


TGTACATTGAAAACTAGATAAGTAAG 


SEQIDNO 69 


Pr 




24 


TTTGTACATTGAAXACTAGATAAG 


SEQ ID NO 70 


Pr 




24 


ACSXGTTATTAAUCTTGTGAGTGTr 



Use is in feet prefoiBd use as HP =HybPn)be, Pr = primer, CO = complamentaiy 
polynucleotides. 

S = A,T,CorG 
U=AorT 

V = GorC 
W=TorG 

X = AorC ; 

Y = AorG 
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<SEQ ID NO: 1 ;DNA;staphylococcus> 

rnGTACATTGAAMACrAGATAAGTAAGTAMAATATAGATTTTACCARGCi^^ 

GAATAAAGRGTTTTRAAYAAGCKTGAATTCATAASAAATAATC^ 

CACTCACAAGWTTAATAACKNGT 

5 

<SEQ ID NO:2^)NA;staphylococcus> 

mOTACATTGAAAACTAGATAAGTAAGTAAAATATAGAlTITACCAAGCAAAACCGAGT 

GAATAAAGAGTmAAATAAGCnGAATTCATAAGAAATAATCGCTAGTG^^ 

CACTCACAAGATTAATAACGCGT 

10 

<SEQ JD NO:3^)NA;staphylococcus> 

ACGCrCACATACGGCTTCGTTTTCATTATmAAATGCTCAm 
T 

1 5 <SEQ ED NO:4;DNA;staphylococcus> 

CTTATGAATTCAAGCTTATTTAAAACrcm 
TTTTACT 

<SEQIDNO:5;DNA;staphylococcus> 

20 CGAACACTAGCGATrATrrCrrATGAATTCAAGCTTATITA^ 
TTGCTTGG 

<SEQ ID NO:6J)NA;staphylococcus> 

TTATAAGTCAAACGTTAACATGAAGTTACGTTCTTTTATAAAA^ 
25 AATCTTGTGAGTGTTCTTTC 

<SEQ ID NO:7;DNA;staphylococcus> 

TATAAGTCAAACGCrCACATACGGCirCGTmCATTATm 
AAACTCTGCTTTAAAATAATT 

30 

<SEQIDNO:8^)NA;staphy)ococcus> 

CITATTTAAAACTCmATTCACTCGGTTT^^ 
TAGTTTTCAATGTACAAATAATGGT 

35 <SEQIDNO:9;DNA;staphylococcus> 

ATXTAAAACTCTTTATTCACTCGGrmGCTTGGTAAAATCT^ 
GTTTTCAATGTACAATTTCnTnTAG 

<SEQIDNO:10J)NA;staphylococcus> 

40 GTGAGTGTTCnTrCGAACACTAGCGATTATTTCITATGAATrc 
TATTCACTCGGTnTGCTTGGTAAAAT 

<SEQ ID NO: 1 1 ;DNA;staphylococcxis> 

ATTTTACCAAGCAAAACCGAGTGAATAAAGAGTTITAAATAAGOT 
45 TAATCGCTAGTGTTCGAAAGAACACTCAC 

<SEQ ID NO: 12J)NA;staphylococcus> 

TTTAAACGCGTTATTAATCTTGTGAGTGTTCmCGAACACTAGC^ 
TCAAGCTTATITAAAACTCTTTATTCACT 

50 

<SEQ ID NO: 13f)NA;staphylococcus> 

TCCACCATITlTATAAGTCAAACGTTAACATGAAGTrACGT^^ 
ACGCGTTATTAATim'GTGAGTGTTClTTCGAACACTAGC 

55 <SEQ ID NO: 1 4;DNA;staphy lococcii8> 
AGATnTACCAAGCAAAACCG 



<SEQ ID NO:15;DNA;staphylococcus> 
60 AGATnTACCAAGCAAAACCG 
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<SEQ ID NO:16J)NA;staphylococciiS> 
AAGCTTGAATTCATAAGAAAT 

5 <SEQ ID NO: 17^)NA;staphylococcus> 
CCGAGTGAATAAAGAGTITTAAA 

<SEQ E) NO:18iDNA;staphylococciiS> 
CCAAGCAAAACCGAGTGAATAAAG 

10 

<SEQ ID NO:19pNA;staphylococcus> 
GCTTGAATTCATAAGAAATAATCG 

<SEQ ID NO:20J)NA;staphylococcus> 
15 GAATAAAGAGTTTTAAATAAGCTTG 

<SEQ ID NO:21;DNA;stapliylococcus> 
GTGAATAAAGAGTTTTAAATAAGCTTG 

20 <SEQ ID NO:22;DNA;staphylococcus> 

AAGCTTGAATTCATAAGAAATAATCGC 

<SEQ ID NO:23J)NA;staphyIococcus> 
CTTGGTAAAATCTTACITACrTATCTAG 

25 

<SEQ ID NO:24f)NA;staphylococcus> 
AAGCAGAGTTTACTTATGTAAATGAGCAT 

<SEQ ID NO:25^)NA;staphylococcus> 
:30 : TACCAAGCAAAACCGAGTGAATAAAGAGT 

< , • : <SEQ ID NO:26;DNA;8taphylococciig> 

TTTGTACATTGAAAACTAGATAAGTAAGT 

35 <SEQ ID NO:27;DNA;staphyIococcus> 

GCAAAACCGAGTGAATAAAGAGTrTTAAA 

<SEQ ID NO:28;DNA;sta^hylococcuS> 
AAGCTTGAATTCATAAGAAATAATCGCTAG 

40 

<SEQ ID NO:29;DNA;staphylococcus> 
AGCAAAACCGAGTGAATAAACAGTnTAAA 

<SEQ ID NO:30;DNA;staphylococcus> 
45 ATTGTACATTGAAAACTAGATAAGTAAGTAA 

<SEQ ID N0:3 1 ;DNA;st^hylococcuP* 
AGTGTTCGAAAGAACACTCACAAGATTAATAA 

50 

<SEQ ID NO:32J)NA;st aphylo coccus> 
AGCTTATTTAAAACrCTTTATrCACTCGGT^ 

<SEQ ID NO:33pNA;st^hylococcuS> 
55 TAAAATAATGAAAACGAAGCCGTATGTGAGCGT 

<SEQ ID NO:34^)NA;staphylococcus> 
TAAAATAATGAAAACGAAGCCGTATGTGAGCGT 

60 <SEQ ID NO:35J>NA;staphylococcuS> 
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GAATTCATAAGAAATAATCGCTAGTGTTCGAAA 

<SEQ ID NO:36;DNA;staphylococciJS> 
TirCGAACACTAGCGATTAmCTTATGAATTC 

5 

<SEQ ID NO:37;DNA;staphylococcus> 
GCAAAACCGAGTGAATAAAGAGTnTAAATAAGC 

<SEQ ID NO:38;DNA;stq3hyIococcus> 
10 GCTTATTTAAAACTCTTTATTCACTCGGTm 

<SEQ ID NO:39J)NA;staphylococcus> 
GCTTGGTAAAATCTATATlTrACTTAC^^ 

15 <SEQ ID NO:40;DNA;staphylococciis> 

GTACATTGAAAACTAGATAAGTAAGTAAAATATAGATT 

<SE Q ID N O:41;DNA;staphylococcus> 
GAGTITTAAATAAGCTTGAATTCATAAGAAATAATCGC 

20 

<SEQ ID NO:42;DNA;staphylococcus> 
GAAAGAACACrcACAAGATrAATAACGCGTTTAAATCTT 

<SEQ ID NO:43aDNA;staphylococcus> 
25 TTATAAAAGAACGTAACITCATGTTAACGTrTGACTTATAA 

<SEQ ID NO:44 J)NA;staphylococcus> 

TTATAAAAGAACGTAAOTCATGTTAACGirrGACTTATAA 

30 <SEQIDNO:45pNA;staphylococcus> 
CTTCAGAAGATGCGGAA 

<SEQ ID NO:46;DNA;staphylococcus> 
TITCGAACACTAGCGATT 

35 

<SEQ ID NO:47;DNA;staphylococcus> 
GTTATTAAWCTTGTGAGTGTT 

<SEQ ID NO:48;DNA;sta5)hylococcus> 
40 AGNMGTTATTAAWCTTGTGAG 

<SEQ ID NO:49a^NA;staphylococcus> 
CTTCAGAAGATGCGGAATA 

45 <SEQ ID NO:50^)NA;staphylococcus> 
TTCTTCAGAAGATGCGGAA 

<SEQ ID N0:5 1 ;DNA;staphylococcus> 
TTCTTTCGAACACTAGCGA 

50 

<SEQ ID NO:52;DNA;st^hyIococcus> 
ACCAAGCAAAACCGAGTGAA 

<SE Q ID N O:53 J)NA;st^hylococcus> 
55 GTTCTTTCGAACACTAGCGA 

<SEQ ID NO:54;DNA;staphylococcus> 
NMGTTATrAAWdTGTGAGTG 

60 <SEQ ID NO:55J>NA;staphylococcus> 
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CGCGTTATTAATCTTGTGAG 

<SEQ ID NO:56;DNA;staphylococcus> 
CATTGAAMACTAGATAAGTA 

5 

<SEQ ID NO:57;DNA;staphylococcus> 
GTTATTAAWCITGTGAGTGTr 

<SEQ ID NO:58;DNA;staphylococcus> 
10 ACGCGTTATTAATCTTGTGAGT 

<SEQ ID NO:59 J)NA;staphylococcus> 
CGAACL^CTAGCGAmTTTCTTA 

15 <SEQ ID NO:60iDNA;staphylococcus> 
ACTAGCGATTATITCTTATGAAT 

<SEQ ID NO:61;DNA;staphylococcus> 
CATATTGTATTCAGTnTGAATG 

20 

<SEQ ID NO:62pNA;stapliyIococcus> 
l^GTTATTAAWCTTGTGAG 

<SEQ ID NO:63;DNA;staphylococcus> 
25 CATATTGTATTCAGTnTGAATGC 

<SEQ ID NO:64;DNA;staphylococcus> 
CATATTGTATTCAGTTTTGAATGT 

30 <SEQIDNO:65;DNA;staphyldcoccus> ' ' 

CATAAGAAATAATCGCTAGTGTTCG 

<SEQ IDNO:66;DNA;staphylococcus> 
GACATATTGTATrCAGTnTGAATG 

35 

<SEQ ID NO:67pNA;staphylococcus> 
GAAAACTAGATAAGTAAGTAAAATAT 

<SEQ ID NO:68^DNA;staphylococcus> 
40 TGTACATTGAAAACTAGATAAGTAAG 

<SEQ ID NO:69;DNA;staphylococcus> 
TTrGTACATTGAAMACTAGATAAG 

45 <SEQ ID NO:70;DNA;staphylococciis> 
ACNMGTTATTAAWCTTGTGAGTGTT 
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Table 2 
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9eu id S NU 


Da (Kr; 


57 (RP) 






en /Rp\ 




51 (RP) 


54 /RD) 


55 (RP) 


58 (RP) 


BO tKD\ 

52 (FP) 


1 




















65 (FP) 




2 


















45 (FP) 






3 


4 


5 












49 (FP) 






6 


7 


8 












50 (FP) 






9 


10 


11 












66 (FP) 


32 










12 


13 


14 


15 


16 


67 (FP) 


















17 


18 


68 (FP) 


33 
















19 


20 


63 (FP) 


21 
















22 


23 


64 (FP) 


24 




















61 (FP) 


25 




31 






26 




27 


28 


29 



FP/RP B Forward primers / Reverse primers 
r = Preferred primer comblnafions 
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Tables 



SEQIDs 


Hvborobe 


Primercombination 


Protocol PCR 


Performance in the 








particular conditions of 
the examoies 


24/33 


RStau63FI.1 /RStau65LC6.1(LCR640) 


1.2 


t% = 60'C 


+ 


24/34 


RStau63FI.1 / RStau65LC7.1 
ft ^*DT^(^^ 


1 


t"a = 60*C 


+ 


42/43 


RStau73FI.1 / RStau75LC6.1 
(LCR640) 




t% = 60*C 


+ 


42/44 


RStau73FI.1 /RStau75LC7.1 
(LCR705) 


1 


t% = 60'C 


+ 


40 / 25 


R^taifHP1>3FI 1 /RStauHPI- 
5LCR64.1 


3,4,5,6, 7, 8, 9, 10, 11, 
27 ,29, 31 


fa=55'*C 


++ 


37/35 


RSlauHP2-3FL1 / RStauHP2-LC6.1 


12. 13, 15, 16. 17, 18. 19, 
20. 22. 23, 28 


ra = 55"C 


++ 


36/38 


RSlauHP2c-3FI.1 / RStauHP2c-LC6.1 


14, 20, 33 


t% = 55'C 


+ 


41/31 


RStauHP3-3Fl.1 / RSt3uHP3-LC6.1 


14, 25, 33 


f. = 55'C 


++ 


26/14 


RStaphSP-3R.1 /RStaphSP-5LC6.1 


6, 12. 14.21.24.25. 27. 
29, 32 


ra=55*C 


+ 


30/18 


RStauHP4-3Fl.1 / RStauHP4-5LC6.1 


29 


1%=55''C 


4- 


15/21 


RSlauHP5-3FI.1 /RStauHP5a-5LC6.1 


20 


t% = 55'C 


+ 


15/20 


RStauHP5-3FI.1 /RStauHP5t>-5LC6.1 


20 


f,= 55'C 


+ 


17/16 


RStauHP6^FI.1 /RStauHP6a-5LC6.1 


20 


t% = 55«C 


+ 


17/19 


RStauHP6-3FI.1 / RStauHP6b-5LC6.1 


20 


fa = sec 


+++ 


27/28 


RStauHP7-3FI / RStauHP7a-5LCR6 


20 


ra = 50X 


+ 


32 / 39 / 23 


RStauHPB.3FI / RSiauHP8.5LCR6 / 
RSt^HP8.5LCR6 


29 


t% = 55''C 


. + 


29/22 


RStauHP9-3FI / RStauHP9-5LC6 


20 


t% = 50'C 


+ 



* The primer pairs In bold performed the best 
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Staphylococci 







dinical 


Coagulase 


Examined in this 




(15) 


relevance 


reaction 


study 




QUT€US 


++++ 


+ 


+ 




anearobiits 


1 1 11 
1 1 1 1 


+ 


+ 


S. epideiTnidis 




+++ 


- 


+ 


S, capitis 


capitis 


+ 


- 


+ 


ureolvticiis 




- 


+ 


S. caprae 




+ 


- 


+ 


S, saccharolyticus 




+ 


- 


+ 


S. wameri 




+ 


- 


+ 


S. pasteuri 




+ 


- 


+ 


S. haemolyticus 




+++ 


- 


+ 


S. hominis 


hominis 


+ 


- 


+ 




novobiosepticum 


+ 


- 


■ 


S. lugdmensis 




+ 




+ 


S, schleiferi 


schleiferi 




- 


+ 


coagulans 




+ 


+ 


S. muscae 




- 


- 




S. auricularis 




+ 


- 


+ 


S, saprophyticus 


sapropliyticus 


++ 


- 


+ 


bovis 


+ 


- 




5. cohnii 


cohnii 


+ 


• 






urealyticum 


+ 




+ 


5. xylosus 




•(+) 


- 




S. Moosii 






- 




S. eguorum 




- 


- 




S. arletae 




- 


- 


- 


S. sallinarum 




- 


- 




S. simulans 




+ 


■* 




S. camosus 










S. piscifemientans 










S, felix 










S. lutrae 






+ 




S, intermedius 






+ 




S. delphini 






+ 




S. hvicus 








+ 


S, chromogmes 








+ 


S, sciuri 


sciuri 






+ 


camaticus 










rodentiiim 








S, lentus 










S, vitulus 











wo 2004/052606 



33 

EXAMPLES 



PCT/EP2003/013907 



The method used in the examples is a method for the detection of Staphylococci, 
in particular S. aureus, 51 epidermidis and S, haemolyticus, using the HybProbes of SEQ 
ID NO 17 and 19, in combination with a Staphylococcus-g&sus primer set of SEQ K) 58 
and 68. 

The HybProbes are labeled: SEQ ID NO 17 in 3' with fluorescein and SEQ ID NO 
19in5'withLCred640. 

In total, 63 S, aureus isolates (including one representative of the S.aureus subs, 
anaerobius), 48 S, epidermidis isolates and 16 5. haemolyticus isolates fix>m different 
geographical origins were investigated. 

If the isolates gave not the expected results, the gDNA was retyped by t-RNA PGR 
(Vaneechoutte, M. et al., 1998, hit. J. Syst. Bacteriol. (48) 127-139) and/or the culture 
was retyped by ApiSTAPH (Biomerieux). 

The instrumentation is the LightCycler™ (version 1.2) provided with the adequate 
software (LC-software version 3.5) enablmg a Real-Time fluorescence PGR detectioa 

Exflmplel! Preparation of the samples to be tested 

1/. DNA from pure cultures 

For extracting the DNA from pure cultures, different purification methods can be 

used: 

- Lysis wifli lysostaphin (5ng/pl) for 1 h at 37**G and purification with the 
QIAamp blood DNA isolation kit (Qiagen) 

- The method of Pitcher et al. (1989) 

- The MagNAPure LG DNA isolation Kit III (Bacteria, Fungi) on the 
MagNAPure instrum^t Bacterial cells grown 0/N on LB plates or slants 
were suspended in 100 to 1000 TE pH8 for storage at -20*'C. 2 jil to 20 fil 
was used for extraction according to flie manufacturo-'s recommendations. 
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- QIAamp DNA mini kit (catalog no. 51306 - QIAGEN). The culture was pre- 
treated enzymatically using lysozyme and lysostaphin. 



5 21. DNA from positive blood culture bottles 

Blood samples were inoculated in aerobe blood culture bottles (BacT/ALERT FA) 
and incubated in a BacT/Alert 3D system (Organon Teknika) at 37'^C until positive. 
Positivity was monitored by a color change from dark green to yellow. 

Aliquots (1 .5ml) of the blood cultures were frozen at -70°C until use. 
10 Genomic DNA was prepared as described in the pack insert of the MPLC DNA 

Isolation Kit III. As recommended for Organon Teknika blood culture bottles, prior to 
PC31 the eluate was centrifiiged 10 sec at 14000rpm to spin down the extracted caibon 
particles. 

15 

Example 2 : LightCycIer (LQ protocol 

Following the instructions of the manufacturer of the kit LC-FastStart DNA 
Master Hybridization Probes (cat. No 3 003 248 or No 2 239 272): 
20 - any sample material suitable for PGR in terms of purity, concentration, and 

absence of inhibitors can be used ; 

- the primers should be at a final concentration of 0,3 to 1 each ; 

- the HybProbes at a final concentration of 0,2 ^iM each, or double ; 

- the concentration of MgCU should be optimized, and may vary from 1 to 
25 5mM; 

- and a negative control should be run. 

The amplification and melting conditions are described herein after. The LC 
software v^ion 3.5 was used. The quantification settings were F2^ack Fl (samples). 
30 For the baseline adjustment the arithmetic mode was used. The crossing point (Ct) 
calculation was based on the second derivative maximum. The calculation method for 
the melting peak was polynomial. The peak area was used to calculate the Tm. 
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Amplification and melting curve program: 





Temp.(°C) 


Hold time 


Slope (°C/sec.) 


Acquisition mode 


Denaturation 


95 


lOmin 


20 


None 


Cycles 


95 


10 sec 


20 


None 


50 


15 sec 


20 


SINGLE 




72 


10 sec 


20 


None 


Melting 


95 


60 sec 


20 


None 




40 


60 sec 


20 


None 




80 


Osec 


0.1 


CONTINUOUS 


Cooling 


40 


Osec 


20 


None 



5 

Examples ; Results on purified DNA, inclusivity and cross reactivity tests 
1/Inclusivity 

All 5. aureus isolates examined (n=63) were successfully amplified (Ct range 
10 17.25 - 33.51) and gave one uniform melting peak witii a mean Tm of 53.13°C ± 6.52^C 
whatever die geogr^hical or specimen origin. 

It has to be noted that the subspecies S. aureus subs, anaerobius fell together with 
the S. aureus species. 

15 All isolates received as S. epidemddis (n=48) and S. haemolyticus (n=16) could be 

detected using the melting curve. Quantification curves usually were not observed. The 
average Tm value for S. epidemiidis isolates was 44.55°C ± 0.21*^0 and for S. 
haemofyticus isolates it was 44.96°C ± 0.24°C. There were no differences observed 
among isolates fixMn different geographical or specimen origin. 

20 

All isolates received as S aureus or S. haemolyticus reacted as expected. However, 
deviating results were obtained for five S. epidermidis isolates. 

Two of these, one fi^om UK and one firom Italy, were afterwards identified as S. 
hominis. Another S. epidemiidis isolate fix)m UK showed a Tm value of 49.02°C and 
25 could afterwards only be detemiined as a Staphylococcus species (not S. aureus, S. 
epidermidis or S. haemolyticus). The UK isolate was afterwards retyped as a S. 
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haemolyticus. And one isolate from Spain producing an uncharacteristic small mdting 
peak was retyped as S. intennedius or S. chromogenes, 

2L Cross-reactivity 

5 More than 50 different bacterial species were tested (Mycobacteria, Pseudomonas, 

Streptococci, etc) and also few fungi. None of the tested organisms generated 
quantification curves or melting peaks with the assay. 

3/. Conclusion: 

10 All S. aureus isolates investigated are detected (100% sensitivity) and could be 

unequivocally distinguished from all other isolates studied. 

Also for S. epidermidis and S. haanolyticus the sensitivity was 100%. 
Therefore usmg this particular set of HybProbes of SEQ IDs NO 17 and 19, both 
species are detected without being differoitiated from each other or from otiaer CoNS. 
15 Unwanted cross-reactivities, with organisms from the pathogens tested were not 

observed. 



Summary of the sensitivity and specificity tests. 



Taxon 


# of strains 


# of strains with 




tested 


Peak at 
53°C 


Peak below 

Arc 


No peak 


S.aureus 


63 


63 


0 


0 


S.epidermidis 


43 


0 


43 


0 


S.haentolyticus 


16 


0 


16 


0 


Cross-check list 


55 


0 


0 


55 


Human DNA 


1 


0 


0 


1 



20 

Example 4 ; Results on blood cultures 

In total aliquots of 16 positive blood culture bottles inoculated witii patient- 
25 samples were tested 

From the five bottle that grew S aureus^ 4 could be identified as such. One 
showed no peak. Indeed, tiie DNA of the sample was retyped as SI schleiferi. 
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Out of the ten bottles found positive for S. epidermidis^ 7 showed a peak at 44- 
45°C - as expected - while three showed peaks shifted to 47°C. After retyping the DNA 
of the deviating samples, they were identified as S. hominis. 

One botde, positive for 5. haemolyticus, produced the expected melting peak at 
5 44.59*^0 



Example 5 : Detection of other 

10 In total 5 1 CoNS-strains, other than S, epidermidis and S. haemolyticus, have been 

studied. The results are summarized in the table below. 

Amplification was observed on gel for all strains of all species except two (S. 
schleiferi and 5. sciuri) for which the results are ambiguous (see also below). Some 
CoNS produced a growth curve (amplification), with corresponding Ct value, but the 
15 endpoint fluorescence was very low (0.004 or less) as compared to the values obtained 
foriS. aureus (e.g. 0.03 for 10^ copies). 

Most species examined were detectable by melting curve analysis, with the 
exception of S. chromogenes^ S. hyicus and S. simulans. 

Hie results for S. schleiferi and S. sciwi are obscure; for both species melting 
20 peaks were observed but could not be discriminated with certainty fix>m a potential 
contaminating agait Results obtained with universal primers suggest that both species 
will presumably not be detectable; there was clear prove of amplification on gel, but the 
HybProbes did not generate a signal in the LC. 

The Tm range observed for CoNS is 39 to 48**C. This is clearly different from tiiat 
25 of 5. (mreus but perfectly overtyping the nmge of S, epidermidis and X haemolyticus. 
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Summary of the LC results obtained for strains of the Staphylococcus species 
examined. 
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1. An isolated nucleic acid molecule consisting of SEQ ID NO 1, its 
complementary forai, or RNA form thereof 

2. An isolated nucleic acid molecule consisting of SEQ ID NO 2, its 
complanentary form, or RNA form thereof 

3. An isolated nucleic acid molecule tiiat specifically hybridizes to SEQ ID NO 
1 or 2, or to the RNA form of said SEQ ID NO 1 or 2 wherein T is replaced by U, or to 
the complementary form of said SEQ ID NO lor 2, or to a fragment of at least 20 
contiguous nucleotides thereof, or to any of their homologues, for the detection and/or 
identification of Staplrylococcus species, in particular of 51 aureus. 

4. An isolated nucleic acid molecule according to claim 3 consisting of a nucleic 
add selected from the group consisting of SEQ IDs NO 14, 16 to 23, 25 to 32, 35 to 42, 
51, 52, 53, 55, 58, 65, 67, 68, 69 and 70. 

5. A set of two polynucleotide probes, said two probes hybridizing 
specifically to SEQ ID NO 1 or SEQ ID NO 2 or homologues, or to their RNA form 
wherein T is replaced by U, or to their complementary form, wherein there are no 
more than 25 nucleotides between said two probes. 

6. A set of two polynucleotide probes according to claim 5 consisting of SEQ 
IDs NO 15 and 20, or SEQ IDs NO 15 and 21, or SEQ IDs NO 17 and 16, or SEQ IDs 
NO 17 and 19, or SEQ IDs NO 26 and 14, or SEQ IDs NO 27 and 28, or SEQ IDs NO 
29 and 22, or SEQ IDs NO 32 and 39, or SEQ IDs NO 32 and 23, or SEQ IDs NO 30 
and 18, or SEQ IDs NO 36 and 38, or SEQ IDs NO 37 and 35, or SEQ IDs NO 40 and 
25, or SEQ IDs NO 41 and 31, or SEQ IDs NO 42 and 43. 

7. A composition comprising at least one nucleic acid molecule according to 
any of claims 1 to 4 and/or a set of two polynucleotide probes according to claim 5 or 
claim 6. 
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8. Use of a nucleic add molecule consisting of SEQ ID NO 1 or 2, or of the 
RNA fonn of said SEQ E) NO 1 or 2 wherein T is replaced by U, or of the 
complementary form of said SEQ ID NO lor 2, or of a fragment of at least 20 
contiguous nucleotides thereof, or of any of their homologues, for the detection and/or 
identification of Staphylococcus species, in particular of 5, aweus. 

9. A method for detecting or identifying Staphylococcus species using at least 
one nucleic acid molecule according to any of claims 1 to 4. 

10. A method according to claim 9 for detection and/or identification of 
Staphylococcus species in a sample comprising the steps of: 

(i) if need be releasing, isolatmg and/or concentrating the polynucleic acids 
in the sample; 

(ii) if need be amplifying the 16S-23S rRNA spacer region, or a fragment 
comprising the target sequence, or the target sequence or a firagment thereof with at least 
one suitable primer pair; 

(iii) hybridizing the polynucleic adds of stq) (i) or (ii) with at least one 
polynucleotide probe that hybridizes to the target sequence, 

wherein the target sequence of step (ii) and (iii) consists of SEQ ID NO 1 or 2 or 
homologues thereof, or to their RNA form wherein T is replaced by U, or to their 
complementary form, or a to a fragment of at least 20 contiguous nucleotides thereol^ 

(iv) detecting the hybrids formed, and 

(v) interpreting the signal(s) obtained and inferring the presence of 
Staphylococcus spedes and/or idoitifying the Stapl^lococcus spedes in the sample. 

1 1. A method according to claim 10 wherein a suitable primer pair consists of any 
combination of a forward primer polynucleotide selected fixwn the group .consisting of 
SEQ ID NO 45, 49, 50, 52, 56, 61, 63, 64, 65, 66, 67, 68 and thdr homologues, and a 
revoke primer polynucleotide selected from the group consisting of SEQ ID NO 46, 47, 
48, 51, 53, 54, 55, 57, 58, 59, 60, 62, and their homologues. 

12. A method according to claim 10 or claim 11 wherein two polynucleotide 
probes are used. 
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13. A method according to claim 12 wherein flie two polynucleotide probes 
hybridize to the target sequence adjacent to each otha* with less than 25 nucleotides in 
between. 

14. A method according to claim 13 wherein the two polynucleotide probes 
consist of polynucleotides of SEQ IDs NO 15 and 20, or 15 and 21, or 17 and 16, or 17 
and 19, or 26 and 14, or 27 and 28, or 29 and 22, or 32 and 39, or 32 and 23, or 30 and 
18, or 36 and 38, or 37 and 35, or 40 and 25, or 41 and 31, or 42 and 43. 

15. A kit for detection and/or identification of Staphylococcus species 
comprising the following components: 

- at least one nucleic acid molecule according to any of claims 1 to 4 and/or a set of 
two polynucleotide probes according to claim 5 or 6. 

- a hybridization buffer, or components necessary for producing said buffer. 
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(54) TlUe: DETECTION, IDENTIHCATION AND DIFFERENTIATION OF EUBACTERIAL TAXA USING A HYBRIDIZA- 
^ TION ASSAY 

O Abstract: The present invention relates to a method for the specific detection and/or identification of Staphylococcus species, in 
O particular Staphylococcus aureus, using new nucleic acid sequences derived from the ITS (Internal Transcribed Spacer) region.The 
^ present invention relates also to said new nucleic acid sequences derived finom the ITS region, between the 16S and 23S ribosomal 
^ ribonucleic acid (rRNA) or rRNA genes, to be used for the specific detection and/or identification of Staphylococcus species, in 
^ particular of S. aureus, in a biological sample.lt relates also to nucleic acid primers to be used for the amplification of said spacer 
region of Staphylococcus species in a sample. 



